Modification of Nylon fabrics with HDTMS compound and silver nanoparticles which prepared via bio-reduction method using banana peel extract (Musa paradisiaca Linn.) has been conducted in this research. That modification can increase the quality of Nylon fabrics so they have antibacterial and self-cleaning properties. The types of Nylon fabrics in this research are Nylon fabric (Ny0), Nylon-Ag (Ny1), Nylon-HDTMS (Ny2), Nylon-Ag-HDTMS (Ny3), and Nylon-HDTMS-Ag (Ny4). The silver nanoparticles were characterized by using spectrophotometry of UltraViolet-Visible. Antibacterial activity against gram-positive and gram-negative bacteria was analyzed by measuring the clear zone around the sample. While the contact angle test was performed by the sessile drop method. Silver nanoparticles have a maximum peak at the wavelength of 440.50 nm. Nylon-Ag shows the highest antibacterial activity against E.coli and S. aureus. The inhibition zone of Nylon-Ag at 54 hours of incubation time is 97 times higher than the inhibition zone of Nylon without modification at 24 hours of incubation against E.coli. Likewise, with the inhibition capacity of Nylon-Ag in inhibiting the growth of S. aureus, Nylon-Ag has antibacterial activity at 72 hours incubation time of 85 times higher than Nylon at 48 and 72 hours incubation. However, Nylon-HDTMS-Ag has the greatest contact angle, that was 110.63 o
INTRODUCTION
In recent years not only textiles with antibacterial ability, but textiles with self-cleaning properties is also widely developed. The surfaces of textiles products from both natural and synthetic fiber can be modified to obtain self-cleaning with antibacterial textiles. Nylon fiber mostly used due to its superiority such as good electric conductivity, slight weight, good resistance against the corrosion and has good mechanical properties 1, 2 . Besides that, Nylon fiber is naturally hydrophobic so it used as socks, underwears, and sport shirt. 3 Self-cleaning textiles are obtained by duplicates the hydrophobicity properties of lotus leaves (Nelumbo nucifera). Self-cleaning textiles let trough the water so it can avoid the dirt stick to the textiles surfaces 4 . The hydrophobicity of textiles can be improved by adding silane compound which can reduce the surface energy of material. [3] [4] [5] [6] Nylon with antibacterial properties can be produced by using nanotechnology, especially nanoparticles. Nowadays, the study of nanoparticles not only about its utilization or application but also includes how to synthesize it 7 . Silver nanoparticles are the most popular nanoparticles which are used as an antibacterial antibacterial agent. Some previous study used a reduction method to synthesized silver nanoparticles. ASSESSMENT Chemical substances which already used as reductor were sodium citrate 8 , sodium borohydride 9 and ascorbatic acid 10 . In this time, the preparation of silver nanoparticles using natural reductor (bio-reductor) is mostly increased. This method is quite cheap, environmentally friendly, and easy to do in the large scale industry, and also a very pure method. While chemical reductor is more expensive and harmful to living things and the environment. In this study, the quality of Nylon fabric is enhanced by modified its surface with Hexadecyltrimethoxysilane (HDTMS) to obtain self-cleaning textiles and silver nanoparticles which prepared via bio-reduction method using banana peel extract (Musa paradisiaca Linn.) to produce antibacterial textiles. The hydrophobicity of Nylon fabrics can be analyzed by the sessile drop method. While measuring of clear zone around the sample is conducted to know antibacterial properties of Nylon towards Staphylococcus aureus (gram-positive) and Escherichia coli (gram-negative). 5, 6 . 
EXPERIMENTAL

Producing of Ag Nanoparticles by Using Banana Peel Extract (Musa paradisiaca Linn.)
20 gram of fresh ripe banana peel (Musa paradisiaca Linn.) was washed with distilled water and put into 500 mL of beker glass. Added as much as 100 mL of aquadest into the beker glass and boiled until reached the constant temperature (92 o C). Then the extract of banana peel was filtered using the Whatman No. 42. About 1 mL of the extract was poured into 40 mL of silver nitrate solution and mixed with 12 mL of 1% of PVA solution. To obtain colloidal silver nanoparticles, the solution stood for 3 hours until the color is constant. The colloid of Ag nanoparticle was characterized using spectrophotometer of UltraViolet-Visible from Shimadzu UV-2400 PC.
Impregnation of Ag Nanoparticles on Nylon Fiber (Nylon-Ag)
Nylon fabric with the size of 5 x 5 cm 2 was rinsed in distilled water for an hour then rinsed in acetone for an hour too. The fabric was dried in room temperature and put into 100 mL of Erlenmeyer which contain colloidal silver nanoparticle and was shaken by using a shaker with a velocity of 155 rpm during 24 hours. The fabric was continuously rinsed as long as 70 hours and then dried in room temperature.
Modification of Nylon Fiber Using HDTMS Compound (Nylon-HDTMS)
4% of solution HDTMS was obtained by adding 10 mL of HDTMS into 250 mL of the flask and 90 % of ethanol was added into the flask and then homogenized. The solution was stirred for 6 hours. Nylon and Nylon-Ag were rinsed in 4% solution of HDTMS and shook with the velocity of 155 rpm for an hour. The fabrics were dried at room temperature.
Test of Contact-Angle
The value of the contact angle was analyzed by using the sessile drop method. Each of the Nylon sample: Ny, Ny-Ag, Ny-HDTMS, Ny-Ag-HDTMS, and Ny-HDMTS-Ag was placed in the flat table. Then about 0.05 mL of water was dropped from the height of 1 cm from the sample. The bubble of water in the sample was captured by Canon EOS 700D camera. The photos that obtained were analyzed by Corel Draw Version X7 with Angular Dimension Tool so the value of contact angle automatically could be studied.
Test of Inhibition Zone (Antibacterial Activity)
Nutrient Agar (NA) and Nutrient Broth (NB) were dissolved in aquadest to obtain media. The bacteria of gram-negative (Escherichia coli ATCC 35218) and gram-positive (Staphylococcus aureus ATCC 25923) were rejuvenated in NA media and put in the incubator of 37 o C for 1440 minutes. All of the samples
were circular-shaped by the paper hole puncher with a diameter of ± 0.5 cm. The sample then sterilized by UV light in the Laminar Air Flow and put into the NA media. The measurement of clear-zone using vernier caliper was conducted at an interval of 6 hours during 72 hours. The data of the diameter of the clear zone were analyzed by SPSS program version 19. Statistical test which used were Anova, Least Significant Different (LSD) and t-Independent. ANOVA test was used to know the influence of the type of sample, incubation time, also the influence sample and incubation time towards the antibacterial activity of Nylon against gram-positive and gram-negative bacteria. The LSD is a further Anova test to determine the significance of antibacterial activity between two types of samples. However, the test of t-independent to determine the significant difference of antibacterial activity for every sample in inhibiting between the growth of gram-negative and gram-positive bacteria.
RESULTS AND DISCUSSION
Physical Properties of The Colloidal Ag Nanoparticles
Banana (Musa paradisiaca Linn.) peel extract was obtained from the boiling process. The banana peel extract was separated by using filter paper of Whatman number 42 as showed by Fig.-2 , the maximum peak of silver nitrate solution appeared at the wavelength of 218.50 nm and its absorbance was 2.712. While the UV-Vis spectrum in the picture showed that there was a specific peak of silver nanoparticles at the wavelength of 440.50 nm and its absorbance was 0.471. In addition, there were three other peaks of silver nitrate that appeared at the wavelength of 240.50, 214.50, and 207.00 nm. Those three peaks indicated that not all of the Ag + were reduced to Ag 0 . Banana peel extract (Musa paradisiaca Linn.) contained some kind of secondary metabolite compounds such as flavonoid, terpenoid and tannin 11 . In this case, tannin has a role as a bio-reductor in silver nanoparticles formation. Color transformation during the process indicated that the reduction process of Ag + Ag 0 was successfully done. Between the PVA and the Ag nanoparticles form complex compound by covalent bonds between the silver nanoparticles and oxygen atoms of PVA, which resulted in a lower concentration of free silver nanoparticles and a decreasing in the potential of electrode of the silver ion, and then increased up the reaction rate of silver ions to produce silver atoms during particle growth process 12 .
ASSESSMENT OF EXTRACT OF Musa paradisiaca Linn. E. Rohaeti et al. Antibacterial activity of nylon could be seen since 6 hours of incubation time and all of the samples had antibacterial properties to inhibit the growth of E.coli ATCC 35218. Data from the measurement of the inhibition zone during 72 hours of incubation were presented in Table- 1.
The sample of Nylon-Ag at the 54 hours of incubation time has the greatest diameter, that is 9.70 mm. This adduces that silver nanoparticles have a good ability to inhibit the growth of bacteria even though it already impregnated in the Nylon fabrics. Table-2 shows the data of clear zone that formed by nylon against gram-positive bacteria (S. aureus ATCC 25923). The greatest diameter of the inhibition zone is Nylon-Ag at the 66 and 72 hours of incubation time, that is 8.50 mm. The mechanism of bacterial growth inhibition by silver nanoparticles begins with releasing the ion of Ag + which then interact with thiol sulfihydryl (-SH) which are contained inside of the protein in membrane plasma. Furthermore, the cation of H + is substituted by the ion of Ag + in the thiol sulfihydryl and the stable S-Ag are formed so the protein becomes inactive and the permeability of membrane will be decline. The silver compound will penetrate the cell wall and change the structure of bacterial DNA so that the bacterial will be died 13 . affecting the antibacterial activity of Nylon fabrics against S. aureus are Ny0-Ny1, Ny0-Ny2, Ny0-Ny3, Ny0-Ny4, Ny1-Ny2, Ny1-Ny3, and Ny2-Ny4. It means that modification of nylon fabrics by using silver nanoparticles, HDTMs, and the combination between silver nanoparticles and HDTMS, and also HDTMS and silver nanoparticles can affect antibacterial activity of the fabircs against Staphylococcus aureus. The result of the t-independent test shows that all of the samples have the same ability in inhibiting the growth of E.coli and S.aureus (Table-5 ). Nylon fabric which modified by HDTMS compound also shows its antibacterial activity against E.coli and S. aureus even though HDTMS compound is not an antibacterial agent. The characteristic of HDTMS compound is like detergent, that is consist of hydrophilic and hydrophobic site. Hydrophilic and hydrophobic sites of detergent have ability to the damaged cytoplasmic membrane of bacteria so this bacteria would be killed 14 .
All samples having excellent antibacterial activity against gram-positive and gram-negative bacteria. In this paper, Nylon after modification with silver nanoparticles has shown most inhibition to the bacteria growth by the formation of reactive oxygen species and accumulation of nanoparticles. Nanoparticles act as bactericidal and bacteriostatic agents 15 . 
The Contact Angle of Nylon
The contact angle of nylon without modification and which modified by silver nanoparticles, HDTMS compound, and also the combination of both of silver nanoparticles and HDTMS compound are presented in Fig.-4 . Sample Ny4 has the greatest contact angle, that is 110.63 o . Sample Ny4 was modified by HDTMS compound and continued with the adding of silver nanoparticles. This result proved that HDTMS compound can increase the contact angle value by decrease the surface energy of nylon 4 . HDTMS compound consists of the head section which is hydrophilic, and its tail is hydrophobic. In the head section, there is a silicon atom which bonded with three functional groups of methoxy (-OCH 3 ), while its tail is consist of a long alkyl group (-C 16 H 33 ). This compound can decrease the surface energy of material by interacting with the surface of it. Before that, HDTMS compound will hydrolize and yield the -OH group which will interact with -CONH-group in the surface of Nylon forming Si -O -N. It will cause the tail which is long hydrophobic alkyl group in the outside of Nylon surface so it becomes waterproof 4, 16 . Other than that, the HDTMS acts like a surfactant consisting of a hydrophobic part that will protect Nylon fabrics interacting with silver nanoparticles. The surfactant acts stabilizer of nanoparticles 17 . It was caused by the hydroxyls from the hydrolyzed HDTMS decrease the free energy of Gibbs on the surface of the Nylon, so the surfactant can work optimally 18 . Sample Ny3 also modified by silver nanoparticles and HDTMS too, but silver nanoparticles were impregnated first and continued by the adding of HDTMS compound. The contact angle of sample Ny3 is lower than sample Ny4 due to the nitrogen atom in the Nylon fabric has already interacted with -Ag so HDTMS compound can't interact with the surface of Nylon perfectly.
CONCLUSION
Silver nanoparticles were successfully prepared by using banana peel extract (Musa paradisiaca Linn.) as indicated by the maximum peak at the wavelength of 440.50 nm. The Nylon fabric which modified by silver nanoparticles showed the highest antibacterial activity against gram-positive and gram-negative bacteria. The incubation time and the type of sample affected the antibacterial activity of Nylon fabrics against Escherichia coli and Staphylococcus aureus. While the interaction between the type of sample and the incubation time just affected the antibacterial activity against E.coli. The Nylon-Ag has a higher antibacterial activity than Nylon without modification. All of the Nylon samples have the same antibacterial activity in inhibiting the growth of gram-positive and gram-negative bacteria. Nylon fabric which modified by HDTMS compound and continued with the adding of Ag nanoparticles has the greatest ϴ, that was 110.63 o
